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Remarks 

Claims 1-1 1, 13, 16, 19, and 22 are currently pending in this application and are before the 
Examiner for consideration. 

Claim 1-1 1 and 13 have been rejected under 35 U.S.C. § 1 12, first paragraph. Claim 1 has 
been amended to identify amidoamino acids appropriate for use in the subject method. The terms 
suggested for inclusion in the claim are disclosed in paragraphs [0002] and [0005] of the 
specification. Reconsideration and withdrawal of the rejection in view of the amendment is 
respectfully requested. 

Claims 2, 6, 1 3, 1 6, 1 9, and 22 have been rejected under 35 U.S.C. § 1 1 2, second paragraph. 
Claim 2 recites that the alcohol used to esterify the amidoamino acid contains a strong acid. Strong 
acids are understood and defined in the art as compounds that are fully ionized in protic solvents, 
such as water and alcohols (see attachments A and B). Such strong acids in water include 
hydrochloric acid, sulfuric acid and nitric acid. Alcohols can also serve as the protic solvents for 
strong acids. For example HC1 gas dissolved in an alcohol such as methanol produces a strong acid, 
methanolic HC1. Methanolic HC1 can also be derived through reaction of an acid chloride with an 
alcohol such as methanol as illustrated in the examples accompanying the disclosure. By 
comparison, weak acids HX' do not completely ionize in protic solvents, but rather partially ionize 
to give the nonionized acid HX' in equilibrium with a small amount of the ionized form. Applicants 
therefore submit that the scope and meaning of the limitation is clear to one skilled in the art and 
reconsideration and withdrawal of the rejection to the claim is respectfully requested. 

Claims 5 and 6 further define the solvents used in claim 1 . Each claim has been amended 
to identify the step of claim 1 with which it is associated. 

Claim 1 3 incorrectly recites the claimed product is produced by the method of claim 8, where 
claim 8 recites a product. The claim has been amended to correct this error as well as further define 
the product claimed. 

Claims 16, 19 and 22 each include a formula. These formulas represent repeating units in 
each of the claimed polymers. The subject claims have been amended to make this clear. 
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In view of the amendments to the claims, reconsideration and withdrawal of the rejection of 
these claims under 35 U.S. C. § 1 12, second paragraph, is respectfully requested. 



Applicants believe that the claims are in condition for allowance and such action is 
respectfully requested. 

Applicants invite the Examiner to call the undersigned if clarification is needed on any of this 
response, or if the Examiner believes a telephone interview would expedite the prosecution of the 
subject application to completion. 

Respectfully submitted, 




Jean Kyle 
Patent Attorney 
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10.6 Acid and Base Strength 



Strong acid An acid that gives up 
H~ easily and is essentially 100% 
dissociated in water. 

Dissociation The. splitting apart 
of an acid in water to give H + and 
an anion. 

Weak acid An acid that gives up 
H' f with difficulty and is less than 
100% dissociated in water. 

Weak base A base that has on! y a 
slight affinity for H + and holds it 
weakly. 

Strong base A base that has a 
high affinity for H + and holds it 
rightly. 



Some acids and bases, such as sulfuric (H 2 S0 4 ), hydrochloric acid (HQ); or sc 
um hydroxide (NaOH), are highly corrosive. They react readily arid, in contact s 
skin, can cause serious burns. Other acids and bases are. not nearly as reactiVv, 
Acetic acid (CH 3 COOH, the major component in vinegar) and phosphoric aeX 
(H3PO4) are found in many food products. Why are some acids and bases rejj 
lively "safe," but others must be handled with extreme caution? the answer lies'; 
how easily they produce the active ions for an acid (H + ) or a base (OH~). 

As indicated in Table 10.1, acids differ in their ability to give up a proton, 
six acids at the top of the table are strong acids, meaning that they give up a proti 
easily and are essentially 100% dissociated, or split apart into ions, in : water. 
remaining are weak acids,. meaning that tHey give up a proton with difficulty i 
are substantially less than 100% dissociated in water, in a similar way, the bases,! 
the top of the table are weak bases because they have little affinity for a proton, 
the bases at the bottom of the table are strong bases because they grab and I 
proton tightly. 

Note that diprptic acids, such as sulfuric acid, undergo two stepwise: disso^ 
tions in water. The first.dissociation yields HS0 4 ~ and. occurs to the extent of i 
ly 100%, so H2SO4 is a strong acid. The second dissociation yields S0 4 2 ~and ta 
place to a much lesser extent because separation of a positively charged'H* i 
the negatively charged HS0 4 " anion is difficult. Thus, HS0 4 ~ is a. weak acid. 

H 2 SO 4 (0 ^> H 3 0 + (^) + HSO f(aq) 
HSQ A ~(aq) + H z O(l)t=± H 3 0 + (a?) + SQ 4 2 -(^) 



TABLE 10.1 Relative- Strengths of Acids and Conjugate Bases 



Increasing 

add 
strength ' 



Strong acids: 
> 100% 
dissociated 



Weak 
acids 



Very 
weak 
acids 



Perchloric acid 


HCIC> 4 . 


cio 4 - 


Perchlorate.ibn 


Sulfuric acid 


h 2 so 4 


HS0 4 ~ 


Hydrogen 








sulfate ion 


Hydriodic acid 


HI 


r 


Iodide ion 


Hydrobrbrnic acid. 


HBr 


Br^ 


Bromide ion 


Hydfochlpric, acid 


HCl 


Gi- 


Chloride ion 


Nitric acid' 


:HNQ 3 


NO3- 


Nitrate ion 


Hydronium ion 


H 3 0 + 


H 2 0 


Water 


Hydrogen 


HSp 4 - 


so 4 2 - 


Sulfate ion 


sulfate ion 








Phosphoric acid 


H3PO4 


h 2 po 4 - 


Dihydrogen 








phosphate ion 


Nitrous. acid 


HN0 2 


N0 2 ~ 


Nitrite ion 


Hydrofluoric acid 


HP 


F" 


Fluoride ion 


Acetic acid 


GH 3 GOOH 


CH3COO- 


Acetate ion 



Carbonic acid 
Dihydrogen 

phosphate ion 
Ammomum ion. 
Hydrocyanic acid 
Bicarbonate ion 
Hydrogen 

phosphate ion 



Water 



H2CO3 
H,P0 4 - 

NH 4 + 
HCN 
HC0 3 " 
HP0 4 2 ~ 



H,0 



HCO. 
HPO^ 



NH 3 
CN- 

co 3 2 - 

P0 4 3 " 



OH- 



Little or 
no reaction 
as bases 



Increasit 
strengtl 



Very 
weak 
bases 



Bicarbonate ion 
Hydrogen 

phosphate ion 
AmmOnia 
Cyanide ion 
Carbonate ion 
Phosphate ion 



"Weak 
bases 



Strong' 



Hydroxide ion J base 



fourth edition 

ORGANIC CHEMISTRY 



Francis A. Carey 

University of Virginia 



Attachment B 




Boston Burr Ridge, LL. Dubuque, IA Madison, WI New York San Francisco St. 
Bangkok Bogota Caracas Lisbon London Madrid 
Mexico City Milan New Delhi Seoul Singapore Sydney Taipei Toronto 



4.6 Acids and Bases: General Principles 



133 




FIGURE 4.5 Hydrogen 
bonding between molecules 
of ethanol and water. 



CH 3 (CH 2 ) 6 CH 2 F CH 3 (CH 2 ) 6 CH 2 C1 CH 3 (CH 2 ) 6 CH 2 Br CH 3 (CH 2 ) 6 CH 2 I 



0.80 g/mL 



0.89 g/mL 



1.12 g/mL 



1.34 g/mL 



ll'Ilkyl halides are insoluble in water, a mixture of an alky! halide and water sep- 
Mto two layers. When the alkyl halide is a fluoride or chloride, it is the upper 
|and .water is the lower. The situation is reversed when the alkyl halide is a bro- 
"MM iodide. In these cases the alkyl halide is the lower layer. Polyhalogenation 
nsrelfe the density. The compounds CH 2 C1 2 , CHC1 3 , and CCL,, for example, are all 
l|ps§ than water. 

Illiquid alcohols have densities of approximately 0.8 g/mL and are, therefore, 
S&tisS than water. 



3fi||giDS AND BASES: GENERAL PRINCIPLES 

pn^erstanding of acid-base chemistry is a big help in understanding chemical 
gljiis and the next section review some principles and properties of acids and 
||||f|xamine how these principles apply to alcohols. 
M|rding to the theory proposed by Svante Arrheriiusy a Swedish chemist and 
aphe 1903 NoberPrize in chemistry, an acid ionizes in aqueous, solution to lib- 
te|Jns (H + , hydrogen ions), whereas bases ionize to liberate hydroxide ions 
[more general theory of acids and bases was devised independently by Johannes 
^tfenmark) and Thomas M. Lowry (England) in 1923. In the Br0nsted-Lowry 
h ^|arf acid is a proton donor, and a base is a proton acceptor. 



Base Acid 



- B — H + 

Conjugate 
acid 



Conjugate 
base 



:J.CMp/ed arrow noi^xlon^ ; ? v 
/ -used to show the electron ^'. 
Sftair.pf the base abstracting a£ 
>Tprdt on f ro m t h e a c id . The 
rpair of electrons in the H~ A."\ 
VJ36nq\becornes an unshared : . 
<:&JjirVin-the anion ~:A. Curves, 
farrows track electron move-.;;. . 
• : me'ntii notraf dmle rnov^meVit • •• 
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CHAPTER FOUR Alcohols and Alkyl Halides 



The Br0nsted-Lowry definitions of acids and bases are widely used in org* 
chemistry. As noted in the preceding equation, the conjugate acid of a substance 
formed when it accepts a proton from a suitable donor. Conversely, the proton dono| 
converted to its conjugate base. A conjugate acid-base pair always differ by a siiip 
proton. 

["PROBLEM 4,6 Write an equation for the reaction of ammonia (:NH 3 ) with hydfcu 
I gen chloride (HGI). Use curved arrows to track electron movement, and identi 
I the acid, base, conjugate acid, and conjugate base. 

In aqueous solution, an acid transfers a proton to water. Water acts as a Br0nsted ! 



H 



H 



\ 



H 



H 



> 



-H + :A" 



Water 

(base) 



Acid 



Conjugate 
acid of water 



Conjugate 
base 



The systematic name for the conjugate acid of water (H 3 0^) is oxonium ion. Its cd 
mon name is hydronium ion. 

The strength of an acid is measured by its acid dissociation constant | 
ionization constant K a . 



[H 3 Q^[A'] 
[HA] 



Table 4.2 lists a number of Br0nsted acids and their acid dissociation constari 
Strong acids are characterized by K a values that are greater than that for hydronium i 
(^0*, K a = 55). Essentially every molecule of a strong acid transfers a proton to wa 
in dilute aqueous solution. Weak acids have K & values less than that of H 3 0 + ; they af 
incompletely ionized in dilute aqueous solution. 

A convenient way to express acid strength is through the use of ptf a , defined, 
follows: 

pAT a = -log l0 tf a 

Thus, water, with K u = 1.8 X ICT 16 , has a ptf a of 15.7; ammonia, with Kj 
10~ 36 . has a pK a of 36. The stronger the acid, the larger the value of. its tf a and 
smaller the value of p/C a . Water is a very weak acid, but is a far stronger acid than amrn 
nia. Table 4.2 includes pK a as well as K z values for acids. Because both systems ' 
widely used, you should practice converting £ a to p# a and vice versa. 

[PROBLEM 4.7 Hydrogen cyanide (HCN) has a pK a of 9.1. What is its K a 7 Is H' 
a strong or a weak acid? 

An important part of the Br0nsted-Lowry picture of acids and bases concerns tli 
relative strengths of an acid and its conjugate base. The stronger the acid, the weak, 
the conjugate base, and vice versa. Ammonia (NH 3 ) is the second weakest acid in Ta^] 
4.2. Its conjugate base, amide ion (H 2 N~"), is therefore the second strongest ba| 
Hydroxide (HO"") is a moderately strong base, much stronger than the halide ions F 
CP, Br", and 1", which are very weak bases. Fluoride is the strongest base of the halid 
but is 10 12 times less basic than hydroxide ion. 



Best Available Copy 



4.6 Acids and Bases: General Principles 



135 




Formula* 



Dissociation 
constant, K a 





Conjugate 




base 


= ~10 


r 




Br~ 


—7 


CI* 


-4.8 


HOS0 2 0~ 


-1.7 


H 2 0 


3.5 


F~ 

0 


4.7 


J 

CH 3 CO" 


9.2 


NH 3 


15.7 


h6~ 


^16 


CH3O' 


^16 


CH 3 CH 2 0- 


~T7 


(CH 3 ) 2 CHCr 


-18 


(CH 3 ) 3 CO~ 


-36 


H 2 f\T 


-36 


(CH 3 ) 2 I\T 



jgjgiefi iodide 

Jlp^eh-ihloride 
gMffifacjd 



^^pijufa;iqn 

^M^yj-alcohol' 
iKimetnylamihe 



W 
«r 

SCI 

h6so 2 qi 

l-OH 2 
IF 

O 

CH 3 Cpi 

;s—nh 3 

HOI 

CH 3 Ol 

P4 3 CM 2 01, 

(CH 3 ) 2 CHdi 

(CH 3 ) 3 C6i 

H 2 Ni. 

(CH 3 ) 2 Nffi 



-10 10 
-TO 9 
-TO 7 
1/6 X W 

55 

3.5 x 10~ 4 



18 x ib" 5 

5.6 X 1.0" 10 
1.8 x ib" 1 ^* 
~1<r 16 
-TO" 16 
~l6~ 17 
-10" 18 
~i0~ 
-■TO" 



-36 
-36 



i^^^g^s from top to bottom of the table: Strength of conjugate base .ncreases from top 
-^^|<:«licproton-the one that is lost on ionlzation-ls highlighted. 
lilie#^ 

Steg||: $ 'P*™*- ** * ^Wng vtew. see the Mar^^^ e ^^Z^ emica , 



™wS*i£ , ^y"*? in J Problem u 4 - 7 ' hydrogen cyanide (HCN) has a pK a „. 
Ifecyamde .on (CN ) a stronger base or a weaker base than hydroxide ion 



°*1 

on I 



Jpfty proton-transfer process the position of equilibrium favors formation of the 
Mkenacid and the weaker base. 



Stronger acid + stronger base £^ weaker acid + weaker base 

^^base a, the bottom of the conjugate base column. An acid will transfer a pro- 
M^^onjugate base of any acid that lies below j, in the table, and the equilibrium 
fe*™p| or,the reaction will be greater than one. 

-iilllfin? COntai " S b0th j A0,88nic and or fianic compounds. Organic compounds are 
«»;«norganic onesjjAenjheJ^ for ih^ add-hM*. 

|J»f5 , * ly - (ab,,Uy l ° d0n T- a P^on from oxygen) and Br 0 n S ted basicity (abili ' 
BRIT 0 " °" oxyse ^? usl as P ro,on fansfer to a water molecule gives oxo- 
^P^ydromum .on, H?6 ), proton transfer ,0 an alcohol gives an alkyloxonium 



^frHrs'js on e of t he mosf 
;)/Impprtant equations in 

^•s* . ...... ,-i 
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CHAPTER FOUR Alcohols and Alky) Halides 



: r statefstructures represent- * 

^rt/a/bonds, that is; bqhdsv \ 
^fB^gfe process of being ma cig^ 



\ 



H^A 



;0-H 



-Alcohol 



Acid 



Alkyloxonium ion ConjugatebaseT" 



We shall see that several important reactions of alcohols involve strong acids eitlfej 
reagents or as catalysts to increase the rate of reaction, in all these reactions the first. slip 
is formation of ah alkyloxonium ion by proton transfer from the acid to the oxyglnlf 
the-aleahtrt: — » . 

j PROBLEM 4.9 Write an equation for proton transfer from hydrogen chIorid|-tf 
I tert-butyl alcohol. Use curved arrows to track electron movement, and identif§ 
the acid, base, conjugate acid, and conjugate base. 



L PROBLEM 4.10 Is the equilibrium constant for proton transfer from hydro^ff 
chloride to tert-butyl alcohol greater than 1 or less than 1? 1 

Alkyl halides are neither very acidic nor very basic and are absent from Table^l 
In general, compounds, including alkyl halides, in which all the protons are bbndedflj 
carbon are. exceedingly weak acids— too weak to be included in the table. 

4.7 ACID-BASE REACTIONS: A MECHANISM FOR PROTON 
TRANSFER 

Potential energy diagrams of the type used in Chapter 3 to describe conformati^ 
processes can also help us understand more about chemical reactions. Consider the trafe 
fer of a proton from hydrogen bromide to waiter: 



H 



•Br: + H- 



H 



H 



A potential energy diagram for this reaction is shown in Figure 4.6. Because m jm 
transfer of a proton from hydrogen bromide to water is exothermic, the products 
placed, lower in energy than the reactants. The diagram depicts the reaction as occurtiffl 
in a single elementary step. An elementary step is one that involves only one transifffl 
state. A reaction can proceed by way of a single elementary step, in which case iPjg 
described as a concerted reaction, or by a series of elementary steps. In the case of pm 
ton transfer from hydrogen bromide to water, breaking of the H — Br bond and making 
of the H 2 0 — H bond occur "in concert" with each other. The species present at^t§| 
transition state is not a stable structure and cannot be isolated or examined directlyijffl 
structure is assumed to be one in which the proton being transferred is partially bond!] 
to both bromine and oxygen simultaneously, although not necessarily to the same ext#| 



B — h\/ 

fir— H— O 



H 



H 
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4.8 Preparation of Alkyl Halides From Alcohols and Hydrogen Halides 



H,0~ H— Br*" 
Transition slate 



go 
« 

1 
I 




H 2 0 + H— Br 



H 3 0* + Br" 



FIGURE 4.6 

diagram for concer 
molecular proton 1 
from hydrogen bror 
water. 



Reaction coordinate ■ 



jlfie molecularity of an elementary step is given by the number of species that 
Sperp^a chemical change in that step. The elementary step 

HBr + H 2 0 Br" + H 3 0* 

El^^^^ jjlar because it involves one molecule of hydrogen bromide arid one mole- 
i: -tc§j§flater. 

}^^^M^11 Represent the structure of the transition state for proton trans-"] 



^ttflQfrlhvrdroQen chloride to terf-butyl alcohol. 



j 



^rf|ransfer from hydrogen bromide to water and alcohols ranks among the 
jL.^^gW^iemical. processes and occurs almost as fast as the molecules collide with 
^^^^feus the height of the energy barrier separating reactarits and products, the 
jj^O, for proton transfer, must be quite low. 
^^^|#d nature of proton transfer contributes to its rapid rate. The energy 
I^^^S|-ifte H— Br bond is partially offset by the energy released in making the 
^^^^pPftus, the activation energy is far less than it would be for a hypothct- 
^^^^|9jess involving an initial, unassisted ionization of the H — Br bond, fol- 
^ ^^pP ^ation of the resulting H* with water. 

^StelON OF ALKYL HALIDES FROM ALCOHOLS AND 
SHMR^gen HALIDES 

chemists do is directed toward practical goals. Chemists in the 
^■18^^ synthesize new compounds as potential drugs for the treatment 
l^Sfli"™ 1 cri emicals designed to increase crop yields include organic com- 
\iii^^^90ntroJ, insecticides, and fungicides. Among the "building block" 
„ „B»™- materials to prepare new substances, alcohols and alkyl halides 

^^«ir? o b€ Ascribed in the remainder of this chapter use either an alkane 
S^Krting material for preparing an alkyl halide. By knowing how to 
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